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VKRZVHIIHFWRIVXUIDFHURXJKQHVV IRU3&'LQVHUWE\YDU\LQJ WKHFXWWLQJ VSHHGDQG
NHHSLQJ IHHG UDWH DQG GHSWK RI FRQVWDQW DQG WDNHQ DV PPUHY DQG  PP UHVSHFWLYHO\ )URP WKH )LJ LW LV
LQYHVWLJDWHGWKDWWKH VXUIDFHURXJKQHVV5DLVLQFUHDVLQJZLWKWKHLQFUHDVHLQZWRI7L& E\WKHDGGLWLRQRI7L&
)LJ (IIHFWRIFXWWLQJVSHHGRQFXWWLQJIRUFHIRU3&'
)LJ (IIHFWRIIHHGUDWHRQFXWWLQJIRUFHIRU3&'
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)LJ (IIHFWRIGHSWKRIFXWRQFXWWLQJIRUFHIRU3&'
)LJ (IIHFWRIFXWWLQJVSHHGRQ5DIRU3&'
)LJ (IIHFWRIIHHGUDWHRQ5DIRU3&'
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)LJ (IIHFWRIGHSWKRIFXWRQ5DIRU3&'
)LJ (IIHFWRIFXWWLQJVSHHGRQFXWWLQJIRUFHIRU3&'DQG8&7&
)LJ (IIHFWRIIHHGUDWHRQFXWWLQJIRUFHIRU3&'DQG8&7&
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)LJ (IIHFWRIGHSWKRIFXWRQFXWWLQJIRUFHIRU3&'DQG8&7&
)LJ (IIHFWRIFXWWLQJVSHHGRQ5DIRU3&'DQG8&7&
)LJ (IIHFWRIIHHGUDWHRQ5DIRU3&'DQG8&7&
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)LJ (IIHFWRIGHSWKRIFXWRQ5DIRU3&'DQG8&7&
UHLQIRUFHPHQW WKHKDUGQHVVRIWKH00&LVLQFUHDVHGDQGPDFKLQLQJRIKLJKHUZW7L&LQFUHDVHVWKHIRUPDWLRQRI
EXLOGXSHGJHDQGWKLVHIIHFWVWKHVXUIDFHURXJKQHVV )URPWKH)LJLWZDVDOVRLGHQWLILHGWKDWVXUIDFHURXJKQHVV
ZDV OHVV DW KLJKHU FXWWLQJ VSHHG WKH LQFUHDVH LQ FXWWLQJ VSHHG UHVXOWV ORZHU EXLOGXS HGJH DQG WKLV JLYHV ORZHU
VXUIDFH URXJKQHVVYDOXHV7KH)LJVKRZVWKHHIIHFWRI5DDWGLIIHUHQWOHYHOVRIIHHGUDWHE\WDNLQJFXWWLQJVSHHG
DQGGHSWKRIFXWDVPPLQDQGPPUHVSHFWLYHO\IURPWKH)LJLWZDVLGHQWLILHGWKDW5DZDVLQFUHDVLQJZLWK
LQFUHDVH LQ IHHG UDWH DQG WKH VXUIDFH URXJKQHVV ZDV KLJK IRU 7L& UHLQIRUFHPHQW )LJ VKRZV WKH HIIHFW RI
VXUIDFHURXJKQHVVE\YDU\LQJWKHGHSWKRIFXWDQGPDLQWDLQLQJFXWWLQJVSHHGDQGIHHGUDWHDVFRQVWDQWZLWKWKHUDQJH
RIPPLQDQGPPUHYUHVSHFWLYHO\)URPWKH)LJLW ZDVLQYHVWLJDWHGWKDWWKHVXUIDFHURXJKQHVVZDVKLJK
DWKLJKHUGHSWKRIFXW)LJVKRZVWKHHIIHFWRIFXWWLQJIRUFHIRU3&'DQG8&7&XQFRDWHGWXQJVWHQFDUELGHDW
GLIIHUHQWOHYHOVRIFXWWLQJVSHHG7KHHIIHFWRIFXWWLQJVSHHGZDVVWXGLHGE\WDNLQJIHHG UDWHDVPPUHYDQGGHSWK
RIFXWDVPP)URPWKH)LJ LWZDV LGHQWLILHG WKDWFXWWLQJIRUFHZDV OHVVDWKLJKHU7L&UHLQIRUFHPHQWDQG WKH
FXWWLQJIRUFHZDVOHVVDWKLJKHUFXWWLQJVSHHGV)URPWKH)LJLWZDVDOVRLQYHVWLJDWHGWKDWWKHGHYHORSHGFXWWLQJ
IRUFHVDUHKLJKE\XVLQJXQFRDWHGWXQJVWHQFDUELGHWKDQWKDWRI3&'WKH3&'LQVHUWLVPXFKKDUGHUWKDQXQFRDWHG
WXQJVWHQFDUELGH LQVHUW VR WKH3&' LQVHUWSURGXFHV OHVVFXWWLQJ IRUFH)LJVKRZV WKHHIIHFWRIFXWWLQJ IRUFH IRU
3&'DQG8&7&E\YDU\LQJ WKHIHHGUDWHDQGPDLQWDLQLQJFRQVWDQWFXWWLQJVSHHGDQGGHSWKRIFXWZLWKPPLQ
DQGPPWKHFXWWLQJIRUFHVDUHLQFUHDVLQJZLWKWKHLQFUHDVHLQIHHGUDWHDQGWKHGHYHORSHGFXWWLQJIRUFHVDUHOHVV
IRU 3&' LQVHUW )LJ VKRZV WKH HIIHFW RI FXWWLQJ IRUFH IRU 3&' DQG 8&7& E\ YDU\LQJ WKH GHSWK RI FXW DQG
PDLQWDLQLQJFRQVWDQWFXWWLQJVSHHGDQGIHHGUDWHZLWKPPLQDQGPPUHYWKHFXWWLQJIRUFHVDUHLQFUHDVLQJ
ZLWKWKHLQFUHDVHLQGHSWKRIFXWDQGWKHGHYHORSHGFXWWLQJIRUFHVDUHOHVVIRU7L& 3&'LQVHUW)LJVKRZVWKH
HIIHFWRIVXUIDFHURXJKQHVVIRU3&'DQG8&7&DWGLIIHUHQWOHYHOVRIFXWWLQJVSHHGZLWKFRQVWDQWIHHGUDWHDQGGHSWK
RI FXW RI PPUHY DQGPP UHVSHFWLYHO\ IURP WKH)LJ LWZDV LQYHVWLJDWHG WKDW WKH VXUIDFH URXJKQHVVZDV
GHFUHDVLQJZLWKWKHLQFUHDVHLQFXWWLQJVSHHGDQGWKHVXUIDFHURXJKQHVVZDVLQFUHDVLQJZLWKWKHLQFUHDVHLQZWRI
7L& GXULQJ WKH WXUQLQJ RI$O7L&ZLWK WKH XQFRDWHG WXQJVWHQ FDUELGH SURGXFHV KLJKHU EXLOGXS HGJH VR WKH
VXUIDFH URXJKQHVVYDOXHVDUHKLJKHU WKDQ WKDWRI3&')LJVKRZV WKHHIIHFWRI VXUIDFH URXJKQHVV IRU3&'DQG
8&7& DW GLIIHUHQW OHYHOV RI IHHG UDWH ZLWK FRQVWDQW FXWWLQJ VSHHG DQG GHSWK RI FXW RI  PPLQ DQG  PP
UHVSHFWLYHO\ IURPWKH)LJ LWZDV LGHQWLILHG WKDW WKHVXUIDFHURXJKQHVVZDV LQFUHDVLQJZLWK WKH LQFUHDVH LQ IHHG
UDWHDQGWKHVXUIDFHURXJKQHVVSURGXFHGE\WKH3&'LQVHUWLVIRXQGWREHORZ)LJVKRZVWKHHIIHFWRIVXUIDFH
URXJKQHVVIRU3&'DQG8&7&DWGLIIHUHQWOHYHOVRIGHSWKRIFXWZLWKFRQVWDQWFXWWLQJVSHHGDQGIHHG UDWHRI
PPLQDQGPPUHYUHVSHFWLYHO\IURPWKH)LJLWZDVLQYHVWLJDWHGWKDW WKHVXUIDFHURXJKQHVVZDVLQFUHDVLQJ
ZLWKWKHLQFUHDVHLQGHSWKRIFXWWKHLQFUHDVHLQGHSWKRIFXWLQFUHDVHGWKHFRQWDFWDUHDRIWKHWRRODQGWKLVSURGXFHV
KLJKHUEXLOGXSHGJHDQGJHQHUDWHVKLJKHUVXUIDFHURXJKQHVV)URPWKH)LJLWZDVDOVRREVHUYHGWKDWWKHVXUIDFH
URXJKQHVVJHQHUDWHGE\XQFRDWHG WXQJVWHQFDUELGHZDVPXFKKLJKHU WKDQ3&'LQVHUWGXH WRKLJKHUEXLOGXSHGJH
IRUPDWLRQ%DVHGRQWKHUHVXOWVLWZDVLGHQWLILHGWKDWWKH GHYHORSHG FXWWLQJIRUFHVDUHOLWWOHKLJKHU E\XVLQJ XQFRDWHG
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WXQJVWHQFDUELGHLQVHUWDQGEHWWHUVXUIDFHURXJKQHVVZDVREWDLQHGE\XVLQJ3&'LQVHUW
 &RQFOXVLRQ
,Q WKH SUHVHQW VWXG\ $O7L& DQG $O7L& PHWDO PDWUL[ FRPSRVLWHV ZHUH SURGXFHG E\ LQVLWX
WHFKQLTXH6(0DQG(';WHVWVZHUHSHUIRUPHGIRUWRNQRZWKHDUUDQJHPHQWDQGSUHVHQFHRI7L&SDUWLFOHV9LFNHU¶V
PLFURKDUGQHVVWHVWVZHUHSHUIRUPHGDQGILQGRXWWKDWWKHKDUGQHVVRIWKH$OZDVLQFUHDVHGE\WKHDGGLWLRQRI
7L& UHLQIRUFHPHQW 7XUQLQJ H[SHULPHQWVZHUH SHUIRUPHG RQ$O7L&$O7L& DQG$O7L&
00&E\XVLQJ3&' LQVHUW DQG LQYHVWLJDWHG WKDW WKH FXWWLQJ IRUFH DQG VXUIDFH URXJKQHVV DUHGHFUHDVLQJZLWK WKH
LQFUHDVH LQ FXWWLQJ VSHHG 7KH LQFUHDVH LQ IHHG UDWH DQG GHSWK RI FXW JHQHUDWHV KLJKHU FXWWLQJ IRUFH DQG VXUIDFH
URXJKQHVV7KHFXWWLQJIRUFHDQGVXUIDFHURXJKQHVVSURGXFHGGXULQJWXUQLQJRI$O7L&DQG$O7L&
00&ZHUH VWXGLHG E\ XVLQJ3&' DQG XQFRDWHG WXQJVWHQ FDUELGH LQVHUW WKH FXWWLQJ IRUFH DQG VXUIDFH URXJKQHVV
GHYHORSHGE\PHDQVRI3&'DUHORZHUWKDQXQFRDWHGWXQJVWHQFDUELGHLQVHUW
$FNQRZOHGJHPHQWV
7KH DXWKRUV DUH WKDQNIXO WR'U. /HR'HY:LQV+HDG &5'0.DUXQ\D8QLYHUVLW\ &RLPEDWRUH ,QGLD IRU
DFFHSWLQJRXUUHTXHVWIRUWRFDUU\RXW WKLVUHVHDUFKLQWKHLUUHVHDUFKFHQWUH7KHDXWKRUVDUHDOVRWKDQNIXOWR--RQHV
5RELQ.6LYDVDQNDU DQG&-RKQ.HQQHG\ IURP'HSDUWPHQW RI0HFKDQLFDO (QJLQHHULQJ.DUXQ\D 8QLYHUVLW\ IRU
KHOSLQJLQIDEULFDWLRQDQGH[SHULPHQWDOZRUN7KHWKDQNVDOVRH[WHQGWRWKH1DQRWHFKQRORJ\UHVHDUFKFHQWHU650
8QLYHUVLW\DQG0LFURODE&KHQQDLIRUSURYLGLQJWKHODEIDFLOLW\
5HIHUHQFHV
$QDQGDNULVKQDQ90DKDPDQL$ ,QYHVWLJDWLRQVRIIODQNZHDUFXWWLQJIRUFHDQGVXUIDFHURXJKQHVVLQWKHPDFKLQLQJRI$O7L% LQ
VLWXPHWDOPDWUL[FRPSRVLWHVSURGXFHGE\IOX[DVVLVWHGV\QWKHVLV,QW-$GY0DQXI7HFKQRO
$QDQG .XPDU 0DQDV 0RKDQ 0DKDSDWUD 3UDGHHS .XPDU -KD  )DEULFDWLRQ DQG &KDUDFWHUL]DWLRQV RI 0HFKDQLFDO 3URSHUWLHV RI $O
&X7L&&RPSRVLWHE\ ,Q6LWX0HWKRG -RXUQDORI0LQHUDOVDQG0DWHULDOV&KDUDFWHUL]DWLRQDQG(QJLQHHULQJ
%LURO<,QVLWXV\QWKHVLVRI$O7L&SFRPSRVLWHVE\UHDFWLQJ.7L)DQGSDUWLFXODWHJUDSKLWHLQPROWHQDOXPLQLXP-RXUQDORI$OOR\VDQG
&RPSRXQGV
'DQLHO % 6 6 0XUWK\ 9 6 5 0XUW\ * 6  0HWDO &HUDPLF &RPSRVLWHV 9LD ,QVLWX 0HWKRGV -RXUQDO RI 0DWHULDOV 3URFHVVLQJ
7HFKQRORJ\9ROSS
-HURPH 6 5DYLVDQNDU % 3UDQDE .XPDU 0DKDWR 1DWDUDMDQ 6  6\QWKHVLV DQG HYDOXDWLRQ RI PHFKDQLFDO DQG KLJK WHPSHUDWXUH
WULERORJLFDOSURSHUWLHVRILQVLWX$O7L&FRPSRVLWHV7ULERORJ\,QWHUQDWLRQDO
.DF]PDU - : 3LHWU]DN . :ORVLQVNL :  7KH SURGXFWLRQ DQG DSSOLFDWLRQ RI PHWDO PDWUL[ FRPSRVLWH PDWHULDOV - 0DWHU 3URFHVV
7HFKQRORJ\
.DODLVHOYDQ.0XUXJDQ16LYD3DUDPHVZDUDQ3URGXFWLRQDQGFKDUDFWHUL]DWLRQRI$$%& VWLUFDVWFRPSRVLWH0DWHULDOVDQG
'HVLJQ
/HZLV '  ,Q6LWX 5HLQIRUFHPHQW RI 0HWDO0DWUL[ &RPSRVLWHV0HWDO 0DWUL[ &RPSRVLWHV 3URFHVVLQJ DQG ,QWHUIDFH $FDGHPLF 3UHVV
/RQGRQ
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